Aspergillus hancockii sp. nov., classified in Aspergillus subgenus Circumdati section Flavi, was originally isolated from soil in peanut fields near Kumbia, in the South Burnett region of southeast Queensland, Australia, and has since been found occasionally from other substrates and locations in southeast Australia. It is phylogenetically and phenotypically related most closely to A. leporis States and M. Chr., but differs in conidial colour, other minor features and particularly in metabolite profile. When cultivated on rice as an optimal substrate, A. hancockii produced an extensive array of 69 secondary metabolites. Eleven of the 15 most abundant secondary metabolites, constituting 90% of the total area under the curve of the HPLC trace of the crude extract, were novel. The genome of A. hancockii, approximately 40 Mbp, was sequenced and mined for genes encoding carbohydrate degrading enzymes identified the presence of more than 370 genes in 114 gene clusters, demonstrating that A. hancockii has the capacity to degrade cellulose, hemicellulose, lignin, pectin, starch, chitin, cutin and fructan as nutrient sources. Like most Aspergillus species, A. hancockii exhibited a diverse secondary metabolite gene profile, encoding 26 polyketide synthase, 16 nonribosomal peptide synthase and 15 nonribosomal peptide synthase-like enzymes.
Introduction
The fungal genus Aspergillus is a very important source of industrial enzymes and metabolic products as well as the major mycotoxins aflatoxin and ochratoxin A. During an ecological survey of Aspergillus species in the South Burnett region of Southeast Queensland in 1982, an unusual fungus was isolated from soil that had previously been under peanut cultivation. The isolate was conspicuous because it produced rapidly growing, floccose colonies, with very long conidiophores bearing spherical heads and forming elongate black sclerotia in age. These a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
by the accessioned set as a GenBank BioProject under the accession PRJNA328536; the entire nuclear genome, including the small contigs and raw sequencing reads (fastq), are available via the CSIRO Data Access Portal (https://data.csiro.au/dap/search?tn=Mycology).
Genes were predicted and translated with AUGUSTUS [5] , using Aspergillus oryzae as a model fungus, using the default parameters (augustus-species = aspergillus_oryzae_query-filename > output.gff). Identified genes were examined using the dbCAN pipeline [6] to detect genes encoding carbohydrate-active enzymes. dbCAN results, the unparsed output from AUGUSTUS, amino acid sequences for genes, exonic and complete coding sequences are all available for download at https://data.csiro.au/search?tn=Mycolocy. Phylogenetic comparisons were made from extracted single gene sequences for β-tubulin and calmodulin, plus the Internal Transcribed Spacer region (Table 1) . These sequences were compared with relevant species from Aspergillus section Circumdati using the Maximum Likelihood technique and the Tamura-Nei model [7] . Bootstrap values were calculated from 1000 replicates. All positions containing gaps and missing data were eliminated. Gene alignment and tree construction were performed using MEGA7 [8] .
Secondary metabolite biosynthetic gene clusters (BGCs) were predicted using AntiSMASH 3.0 (https://antismash.secondarymetabolites.org/) [9] using standard parameters for eukaryotes. AntiSMASH 3.0 was integrated with the MIBiG (Minimal Information about a Biosynthetic Gene cluster) database [10] which automatically detects the presence of homologous gene clusters. The conserved functional domains of polyketide synthases (PKSs) and nonribosomal peptide synthases (NRPSs) as predicted by AntiSMASH 3.0 were further confirmed by NCBI Conserved Domain Search and EBI InterProScan.
Enzyme profiling
Aspergillus hancockii FRR 3425, grown on potato dextrose agar [1] was used to inoculate liquid wheat bran medium [5 mL, 5% wheat bran (Finax AB, Helsingborg, Denmark) in deionised water]. The culture was incubated at 20˚C and 175 rpm on an orbital shaker for 7 days, then the supernatant was harvested by centrifugation. Eleven AZurine Cross-Linked (AZCL) substrates (Megazyme International, Bray, Ireland, Table 2 ) were used for testing the enzyme activity profile of the supernatant of A. hancockii. Supernatants (15 μL, undiluted) were added to triplicate wells in Petri dishes containing the different AZCL substrates, distributed evenly on agarose plates and incubated at 30˚C for 24 h according to the manufacturer's protocol. Negative controls, made from uninoculated wheat bran medium, were included. Enzyme activity was confirmed by a blue halo around the sample well, indicating the presence of active enzymes which can break down the specific AZCL substrate, thereby releasing the blue, soluble dye. Measurable blue halos ranged from 0.5 mm to 12 mm radius, providing a sensitive, semi-quantitative assay. A more thorough investigation of the potential ability of A. hancockii to produce a spectrum of enzymes was undertaken using a new sequence analysis method, peptide pattern recognition, PPR [11] . The algorithm in PPR searches sequences to identify short, highly conserved peptide motifs that enable classification of enzymes to a subfamily level [12] . A series of validation experiments showed that the peptide pattern recognition subfamily grouping correlates to function [12] . This non-alignment-based sequence analysis method produces lists of peptide patterns that enable another PPR program designated HotPep [13] to mine entire genomes efficiently for all types of carbohydrate active enzymes, and can also predict the protein subfamily to which an enzyme belongs. As each protein family covers several enzyme functions, PPR analysis has the significant advantage that it can predict the function of an enzyme directly from its sequence.
Culture optimisation
Culturing of Aspergillus hancockii for analytical chemical profiling was undertaken on a range of liquid, agar and grain based media. Cultures were sampled (1 g) and extracted with methanol (2 mL) for 1 h on a wrist shaker, centrifuged (15,700 × g for 3 min) and analysed by HPLC. The major metabolites were analysed using our in-house database, COMET, of HPLC-diode array detector (DAD) traces from >5000 fungal species [14] . Metabolites not previously observed were accessioned and targeted for preparative cultivation, purification, characterisation and structure elucidation.
Optimisation of A. hancockii cultures for metabolite production was undertaken on a range of agar-and grain-based media. The agars, Czapek-Dox agar (CZA), malt extract agar (MEA), yeast extract sucrose agar (YES), and casein glycerol Agar (CGA), were prepared according to the recipes in (Table A in S1 File) . Hydrated grains, barley, rice (jasmine and basmati) and cracked wheat [grain (50 g ) with water (30 mL) in a 250 mL flask] were sterilised (120˚C for 40 min). The agars and grains, inoculated with a suspension of fungal spores, were incubated at 24˚C for 14 days. Cultures were sampled (1 g), extracted with methanol (2 mL) for 1 h on a wrist shaker, centrifuged (15,700 × g for 3 min) and analysed by HPLC (Figures A and B in S1 File). The HPLC traces were accessioned into COMET, and the major metabolites were analysed by retention time and UV-vis spectral fit.
Preparative cultivation of Aspergillus hancockii
Based on results from the previous section, rice was hydrated and sterilised in 40 Erlenmeyer flasks (250 mL, each containing 80 g of rice plus water), inoculated with a spore suspension grown on MEA for 7 days and incubated at 24˚C for 21 days, by which time the culture had reached maximal metabolite productivity. The cultures were then pooled into a 5 L Erlenmeyer flask for processing.
Extraction and isolation of metabolites from Aspergillus hancockii
The combined cultures (3.1 kg) were extracted with acetone (2 × 4. The organic extract was redissolved in 10% H 2 O/MeOH (500 mL) then partitioned over hexane (2 × 1 L) to remove the lipids, yielding an enriched extract containing the bulk of the nonpolar secondary metabolites (6.7 g). The enriched extract was adsorbed onto silica gel, which was dry-loaded onto a silica gel column (120 g, 300 × 50 mm, Davisil, Grace Discovery, Epping, Vic, Australia). The column was washed once with hexane (250 mL), then eluted with 50% hexane/CHCl 3 (250 mL) and CHCl 3 (250 mL), followed by a stepwise gradient of 1, 2, 4, 8, 16, 32, 64 and 100% MeOH/CHCl 3 (250 mL each step), to yield 10 fractions (Fr 1-10). The fractions were sampled and analysed by C 18 C NMR spectra and tabulated 2D NMR data for all pure compounds are provided in S1 File.
Results and discussion

Taxonomy
Morphologically, the new species Aspergillus hancockii shows features characteristic of Aspergillus subgenus Circumdati section Flavi. Within that section, it shows similarity with members of the A. alliaceus clade, a group of uncommonly encountered, fast growing, loosely textured, lightly sporing species [15] . However, it is readily distinguished from other species in that clade by the production of dull green conidia.
Phylogenetically, trees generated from ITS, β-tubulin and calmodulin genes (Fig 1) all indicate that A. hancockii is a distinct species, in agreement with our morphological and secondary metabolite findings. All three trees indicate that the most closely related species is A. leporis [16] , which shows similarity with A. hancockii in having a floccose, lightly sporing habit and bullet shaped sclerotia, a distinctive feature seen in closely related Aspergillus species. A. leporis differs from A. hancockii by producing shorter conidiophores, larger, olive brown conidia and columnar rather than radiate conidial chains. Secondary metabolite production is also distinct, with no compounds in common with A. hancockii [17] .
Genome assembly and gene prediction
Velvet was used to assemble the 1000bp paired end reads from A. hancockii. In total, 99.6% of all available reads were assembled into 1874 scaffolds, comprisinf 3102 contguous sequences. The GC content of the genome was approximately 43%. The total assembled genome size was 40,074,632bp, of which the longest contiguous sequence was 165,236bp. The N50for the assembly was 83,637bp. AUGUSTUS gene prediction indicated that the genome consisted of at least 11,240 genes.
Enzyme profiling
Results from a preliminary screening of enzyme production by A. hancockii on AZCL assay plates with an azur-linked substrate are given in Table 2 . The strongest secreted enzyme activity was observed for enzymes breaking down hemicellulosic compounds (arabinoxylanase and endoxylanase). Moderate activities were observed against other hemicellulose components (e.g. endo-1,4-β-mannanase) and enzyme activities relevant for decomposition of cellulose and starch (endoglucanases and α-amylase, respectively).
The PPR/HotPep analysis of the genome of A. hancockii showed that this species possesses genes encoding a wide range of types of carbohydrate active enzyme. A selection of the most interesting results is given in Table 3 . The complete list of enzymes found that are capable of modifying carbohydrate is given (Table B in S1 File).
It appears that A. hancockii is potentially a broad and versatile biomass degrader, with genes encoding for breaking down a multitude of substrates including cellulose, hemicellulose, lignin, pectin, starch, chitin, cutin and fructan (Table 2 and Table B in S1 File). Furthermore and interestingly, some of the functions are represented on the genome from more than one type of gene, belonging to different enzyme families. In particular, hemicellulose-modifying enzymes are each represented by several types of enzyme genes (see e.g. 3.2.1.55, α-N-arabinofuranosidase, represented on the genome by four families, GH43, GH51, GH54, GH62).
A third layer of diversity in the A. hancockii genome is that most genes are represented in several genes or variants. The most well-represented enzymatic function found was 3.2.1.21 β-glucosidase, which breaks down sugar dimers to monomers. This function was found to be represented by as many as 21 genes in the A. hancockii genome. A high number of genes were also found for 3.2.1.8 endo-1,4-β-xylanase and 3.2.1.14 chitinase (both 17 genes or gene copies).
Interestingly, genes encoding two different types of lytic polysaccharide monoxygenase (LPMO) enzymes were found by mining the A. hancockii genome by PPR/HotPep analysis: AA9 (14 genes in 7 subgroups) and AA11 (5 genes in 3 subgroups) in the genome (see Table 2 ). The peptide patterns used for the LPMO analysis were expanded beyond the Cazy database and validated in a recent study [18] . LPMO enzymes are primarily described to be active on crystalline cellulose, acting in synergy with endoglucanases (EC 3.2.1.4). Recently, LPMO enzymes have been shown to act also on hemicellulose [19] , and on starch [20] . As described above, the A. hancockii genome has genes encoding a broad and versatile enzyme profile relevant to plant biomass decomposition. Only the cellulase profile is relatively weak, as strong cellulose-degrading fungi typically possess more than one type of enzyme with endoglucanase activity (EC 3.2.1.4), typically GH5, GH 12, GH 9 and GH45, plus more types of protein families with a 3.2.1.4 type of function. The rather weak activity on cellulose is also confirmed by the AZCL assay on HE-cellulose (Table 2) . Interestingly, a very strong LPMO profile was found: AA9 (14 genes) and AA11 (5 genes) in the genome. LPMO enzymes were first associated with acting synergistically with GH cellulases in degrading cellulose. Recently it has been documented that LPMO enzymes can also play a role in breaking down hemicellulosic structures, and a subdivision of the LPMO enzymes based on peptide pattern recognition has been suggested recently [18] . Further studies are needed to characterise the distribution at subfamily level of the LPMO enzymes found in Aspergillus species and to characterise and document the diversity and variation among the many LPMO genes found in the genome of this type of fungus.
Secondary metabolites
Analytical scale growth of Aspergillus hancockii on a range of liquid, agar and grain-based media resulted in moderate to high levels of secondary metabolites, with productivity and metabolite diversity superior on grains, particularly rice-based media (Figures A and B in S1 File). Preparative scale cultivation of A. hancockii on rice for 21 days gave confluent coverage with a luxurious mass of aerial mycelium. The entire rice cultivation was extracted with acetone to give an aqueous slurry after evaporation. The slurry was partitioned against ethyl acetate, evaporated to a gummy residue, and then defatted with hexane against 10% H 2 O/MeOH to produce an enriched extract. The bulk of the secondary metabolites were located in the methanolic extract, with no selective loss of any specific metabolite on enrichment. Fractionation and chemical analysis of the crude extract by C 18 preparative HPLC and Sephadex LH-20 chromatography yielded 15 major metabolites, 11 of which had not been previously reported at the time of publication. The metabolic capability of A. hancockii adds further recognition of the interplay of novel chemical diversity and taxonomic uniqueness within subgenus Circumdati, as observed with our recent discovery of kumbicins as metabolites of A. kumbius [21] .
The methanol extract from A. hancockii grown on rice for 21 days was separated by gradient HPLC (Fig 2) and analysed using DAD and positive/negative ESIMS TIC traces (Figures C and D in S1 File). Assessment of the co-metabolite diversity was undertaken using UV detection at 210 nm, with 69 peaks being responsible for 99.5% of the total area under metabolite peaks (AUC) from 0.5 to 10.5 min. Analysis of the abundance of the secondary metabolites revealed a hyper-dispersed distribution, with 16 metabolites accounting for 90% of total metabolite AUC, and the remaining 52 metabolites present at only trace levels. At these low levels, retention time, UV-vis and ESIMS allowed only partial characterisation of minor cometabolites (Table K in S1 File). Linoleic acid (t R 10.26 min) is an endogenous fatty acid extracted from grains and many cultivation media and served as an implicit nonpolar standard for comparisons.
The extracts of A. hancockii showed no metabolite overlap with any other species in the A. alliaceus clade. Indeed, A. hancockii shares no secondary metabolites in common with its closest ITS neighbour A. leporis. A search of UV-vis spectra of the major HPLC non-polar metabolites on COMET [14] The most characteristic feature of the A. hancockii HPLC trace was the broad peak eluting between 2-4 min when chromatographed using 0.01% TFA phase modifier. This elution behaviour is rare and has not previously been encountered by us within Aspergillus. The use of strongly acidic conditions (0.1% TFA) improved the peak shape and allowed purification of the compound, which was identified as the novel metabolite, dehydroterrestric acid (t R C NMR spectra of dehydroterrestric acid (Table J in S1 File; Figures T and U in S1 File) revealed an equilibrating 5/4 mixture of Z-and E-isomers, which has been previously observed for the closely related Penicillium metabolites terrestric acid, carolic acid and carlic acid [23] . In DMSO-d 6 solution, dehydroterrestric acid exists exclusively as a cyclic ether, while in aqueous solution, the cyclic form is in equilibrium with a ring-opened hydrated form (Fig 3) . This equilibrium is further complicated by the interconversion of tetronic acid tautomers in aqueous solution, as well as their potential to complex with available metal cations. Indeed, analysis of the ESIMS spectra of dehydroterrestric acid in aqueous solution revealed putative complexes of the hydrated form with Na properties of dehydroterrestric acid complicated analysis of the minor metabolites eluting from 2 to 4 min, with most peaks in this region containing traces of the acid. It is noteworthy that the same broad peak shape dominates the HPLC trace of the terrestric acid producer, Penicillium simplicissimum. A more conventional elution behaviour was displayed by a novel family of substituted piperazines, which we have named the hancockiamides. The hancockiamides are related to the brasiliamides reported from Penicillium brasilianum [24, 25] was observed as eluting prior to hancockiamide B. This peptide exhibits poor solubility in common solvents and its abundance is likely underestimated based on the DAD 210 nm spectrum and the positive and negative ESIMS TIC traces. The polar metabolites were identified as kojic acid [28] as putative minor analogues of speradine F, but insufficient material was available for isolation and characterisation. Speradines are a family of multicyclic oxindoles that have been previously reported from A. tamarii [30] , A. oryzae [29, 31] and A. flavus [32] . Confusingly, speradine F was originally reported from A. oryzae [29] , then later as speradine B from A. flavus [32] , and again as penicamedine A from Penicillium camemberti [33] . An N-desmethyl analogue of speradine F was recently reported from P. dipodomyicola [34] and was also erroneously named speradine B. During the analysis of A. hancockii cultivation extracts, a distinctive non-polar metabolite was frequently but erratically observed. Purification using normal phase silica led to the identification of eupenifeldin [35] + 549) as an important co-metabolite of A. hancockii. Over time, or on cold storage, eupenifeldin precipitates from methanolic solutions and its presence cannot be reliably observed or quantified. While extraction with water-miscible solvents such as methanol offers a good compromise between polar and non-polar chemistries, the apparent disappearance of distinct compounds is nonetheless common. While such "losses" can be the result of degradation or volatility, most often they are due to precipitation as either an oil or solid on standing.
Secondary metabolite biosynthetic gene clusters
Like many of the previously sequenced Aspergillus species [36] , the genome of A. hancockii is rich in secondary metabolite biosynthetic genes. The genome encodes 26 polyketide synthase (PKS) genes (Table 4) , 16 multimodular nonribosomal peptide synthases (NRPSs), and 15 single modular NRPS-like enzymes (Table 5 ). In particular, A. hancockii encodes four PKS-NRPS hybrids. Several genes involved in terpene biosynthesis were also identified in the A. hancockii genome (Table 6 ). Using AntiSMASH 3.0 [9] , a total of 75 secondary metabolite biosynthetic gene clusters (BGCs) were readily identified in the A. hancockii genome. Only 15 out of the 75 predicted BGCs in A. hancockii were identified by AntiSMASH to be homologous to known BGCs deposited on the MIBiG database [10] , suggesting that A. hancockii is enriched with unique and diverse secondary metabolite biosynthetic capabilities. When the ClusterFinder algorithm [37] is enabled in the AntiSMASH 3.0 search parameters, over 100 putative biosynthetic gene clusters can be identified in the A. hancockii genome. Some of the compounds we have identified in the culture extracts can be easily mapped to the corresponding biosynthetic gene clusters in the A. hancockii genome based on bioinformatics analysis and prior biosynthetic studies on these identical or related compounds, including the use of various strategies described previously [38] . The gene cluster encoding the biosynthesis of fumitremorgin A was readily identified from the A. hancockii genome by comparison with fumitremorgin gene clusters in A. fumigatus and Neosartorya fischeri [39] . Using AntiSMASH 3.0, we were also able to identify the homologous gene cluster (matching with BGC0000356_c1). The A. hancockii NRPS encoded by g8247.t1 shares 96% protein identity with N. fischeri NRPS FtmPS, which is responsible for biosynthesis of brevianamide F, the precursor of the fumitremorgins and verruculogen. Fumitremorgin A is known to be produced by N. fischeri, while A. fumigatus only produces fumitremorgin B and verruculogen. Fumitremorgin A has the same core structure as verruculogen, except that it has an additional O-prenyl group not found in fumitremorgin B and verruculogen. A previous study identified a verruculogen O-prenyltransferase (NFIA_093390) in N. fischeri, although the gene was not encoded in the N. fischeri main fumitremorgin gene cluster, but rather on a separate locus in the genome [40] . Interestingly, we found a homologue of NFIA_093390 in A. hancockii (g8245.t1, 98.9% protein identity) clustered together with other genes required for the biosynthesis of verruculogen on contig 1189.3. The clustering of homologous biosynthetic pathways in one species but scattering into multiple smaller gene clusters in another has been observed previously, e.g. tryptoquialanine gene cluster [41] and dothistromin gene cluster [42] . This highlights the utility of comparative genomics for identification of the complete gene sets required for biosynthesis of specific secondary metabolites [38] .
Kojic acid biosynthetic genes have been identified previously from A. oryzae [43] and shown to involve a FAD-dependent oxidoreductase (KojA) and a major facilitator superfamily transporter (KojB) in the biosynthesis. Both KojA and KojB homologues were identified in the A. hancockii genome, g2128.t1 and g2130.t1, sharing 95% and 92% protein identities respectively. The genes were within close proximity of each other and are located on contig 208. AntiSMASH analysis identified an A. hancockii PKS-NRPS gene cluster on contig 687 that is homologous to the cyclopiazonic acid biosynthetic gene cluster (BGC0000977_c1). Speradine F is a highly oxygenated and N-methylated analogue of cyclopiazonic acid and thus is likely to be encoded by the above PKS-NRPS gene cluster in A. hancockii. The A. hancockii PKS-NRPS encoded by g8092.t1 on contig 687 shares 73% head to tail protein identity with CpaA from A. flavus and A. oryzae [44] . All of the other genes found in the A. oryzae cpa gene cluster are also present in A. hancockii [45] , including cpaM (g6126.t1 in A. hancockii, 60% protein identity), which has been demonstrated to encode an N-methyltransferase responsible for converting 2-oxo-cyclopiazonic acid to speradine A [46] . Additional oxidations and ring closure will allow the formation of the sixth ring (E ring) of speradine F via speradine A. The genes/enzymes responsible for the additional oxidations remain to be determined, but the P450 oxygenase CpaH in A. hancockii may carry out such oxidations besides the 2-indole position on 2-oxo-cyclopiazonic acid [45] .
NR-PKS SAT-KS-AT-PT-ACP-TE
Trichothecenes are an important class of sesquiterpenoid mycotoxins that are best known from Fusarium species, and have also been identified from other filamentous fungi [47, 48] , but so far have been reported only from the order Hypocreales (class Sordariomycetes) [49] . A gene cluster on A. hancockii contig 755.1 was identified as homologous to trichothecene biosynthetic gene cluster (BGC0000931_c1) by AntiSMASH. The finding corresponds to our identification of 7-hydroxytrichothecolon, structurally related to deoxynivalenol, a type B trichothecene. The oxygenation pattern (at position C-4 but not C-3) of the cyclopentane ring on 7-hydroxytrichothecolon is distinct from 3,4-oxygenated trichothecenes that are characteristic of Fusarium species, but similar to those isolated from other fungi, including Trichoderma species. This suggests that the biosynthetic pathway in A. hancockii branches earlier, going through the isotrichodiol intermediate, which is converted to 12,13-epoxytrichothec-9-ene [47] .
Relatively few biosynthetic gene clusters for trichothecenes have been described from fungi other than Fusarium species, notable examples being from Trichoderma and Stachybotrys species [49, 50] . The A. hancockii trichodiene synthase homologue (encoded by g6521.t4) shares 68% protein identity with Fusarium poae TRI5, 65% with Stachybotrys chartarum TRI5 and 53% with Trichoderma brevicompactum TRI5. The TRI4 homologue in A. hancockii, which is a cytochrome P450 enzyme predicted to catalyse multiple oxidations of trichodiene to yield isotrichodiol (but not isotrichotriol), shares 73% protein identity to Fusarium TRI4 [51] . As expected, TRI101, which has been shown to acetylate the 3-OH of the isotrichodermol intermediate in Fusarium [52] , is missing in the corresponding gene cluster in A. hancockii as the isolated compound 7-hydroxytrichothecolon lacks a hydroxyl group at the C-3 position. The TRI7 homologue responsible for acetylating the 4-OH in Fusarium species is also missing in the A. hancockii gene cluster. A homologue of Fusarium graminearum TRI1 [53] can also be found in A. hancockii (g6523.t1), corresponding to the hydroxylation of the C-7 position on 7-hydroxytrichothecolon. To our knowledge, A. hancockii, which belongs to the class Eurotiomycetes, is the first fungus outside the class Sordariomycetes reported to possess a trichothecene biosynthetic gene cluster and produce trichothecene analogues. This expands the previously known taxonomic distribution of trichothecenes in fungi.
Dehydroterrestric acid is a polyketide with an interesting tetronic acid moiety. An analogue of this compound, terrestric acid, was previously isolated from Penicillium griseoroseum [54] . Terrestric acid is also related to other tetronic acids with shorter carbon chain, such as carlosic and carolic acids, and agglomerins [55] [56] [57] . Previous isotope-feeding studies suggested that a C 4 dicarboxylic acid precursor is involved in their biosynthesis [58] . This is supported by the recent identification of a PKS-NRPS (CaaA) from A. niger that produces carlosic acid and agglomerin F [59] . The study suggests that the unusual NRPS module of the enzyme is capable of activating malic acid to form an ester linkage between the activated malic acid and the polyketide acyl chain synthesised by the PKS module. This is followed by a Dieckman cyclisation and release of the product as a tetronic acid [59] . A homologue of CaaA was identified in A. hancockii (encoded by g9274.t1, sharing 64% identity and 77.5% similarity) along with the trans-enoyl reductase CaaB homologue (encoded by g9278.t1, sharing 70.5% protein identity), which work together with the PKS-NRPS. The A. hancockii putative dehydroterrestric acid biosynthetic gene cluster also contains a homologue of the cytochrome P450 oxygenase CaaC proposed to be involved in the decarboxylation and formation of the exocyclic methylene common to both carlosic acid and dehydroterrestric acid.
Besides fumitremorgin A, several NRPS-derived compounds were isolated from A. hancockii. The two N-methylated cyclic tetrapeptides, onychocins A and B, are likely to be produced by a tetramodular NRPS based on the collinearity rule commonly observed in both bacterial and fungal NRPSs [60] . However, given that onychocins A and B consist of two pairs of similar amino acids (L-Phe and L-Val or L-Ile), it is possible that the tetrapeptides are biosynthesised by non-canonical NRPSs with functional domains that are capable of acting iteratively, such as those commonly observed in cyclooligomer depsipeptide biosynthesis [61] and more recently demonstrated in the biosynthesis of fungisporin from Penicillium chrysogenum [62] . Interestingly, of all the multimodular NRPSs encoded in the genome of A. hancockii, we did not identify any NRPS that harbours the N-methyltransferase domain, such as that identified in enniatin synthetase [63] and cyclosporine synthetase [64] . Therefore, it is possible that the N-methylation of the onychocins may be catalysed by a standalone N-methyltransferase. Further molecular genetic studies are required to identify the NRPSs responsible for the biosynthesis of the onychocins and other nonribosomal peptides (i.e. hancockiamides and the cyclic tetrapeptide unrelated to onychocins) isolated from A. hancockii.
Taxonomic description-Aspergillus hancockii Pitt sp. nov Fig 4
CYA, 25˚C, 7 days: Colonies 60 mm or more in diameter but remaining distinct from a three point inoculation, plane; margins entire; mycelium deep and floccose, but quite sparse, white or off-white; sporulation usually sparse, with scattered radiate conidial heads near colony centres or margins, coloured Greyish Green to Olive under the stereomicroscope (30D-E5); sclerotia characteristically produced at colony centres, often enveloped by aerial mycelium, and later developing at margins, on the agar or in aerial mycelium, white at first, becoming black, spherical, ellipsoidal or irregular, developing slowly, when mature black and rock hard, 500-1200 × 500-800 μm; clear exudate sometimes produced around colony centres; soluble pigment absent; reverse uncoloured or Buff to Light Orange (5A-B4-5).
MEA, 25˚C, 7 days: Colonies 60 mm or more in diameter, plane, usually covering the whole Petri dish; mycelium deep and floccose, white to slightly grey; sporulation usually occurring at colony centres, but often obscured by the mycelium, coloured as on CYA; sclerotia sometimes evident, as on CYA; exudate and soluble pigment absent; reverse uncoloured or dull yellow brown.
G25N, 25˚C, 7 days: Colonies 20-30 mm in diameter, deep and floccose, plane; mycelium white to pale yellow; sporulation scattered, coloured as on CYA; exudate and soluble pigment absent; reverse uncoloured. 37˚C, CYA, 7 days: Colonies 12-20 mm in diameter, centrally raised to crateriform; margins fimbriate, white or brown; mycelium velutinous or floccose; sporulation absent; reverse dull to dark brown.
Conidiophores borne from surface or aerial hyphae, sometimes from high in the aerial mycelium, stipes very long (2-)3-6 mm × 7-10(-15) μm, with thick, smooth walls; vesicles spherical, (30-)40-60(-70) μm in diameter, fertile over the entire surface; metulae and phialides packed very tightly, metulae cylindroidal, 9-10 × 4-5 μm, phialides acerose, 8-10 × 2.0-2.5 μm; conidia small, spherical to subspheroidal, 2.8-3.2 μm long, with smooth walls, borne in radiate heads. Etym.: named for Mr Niven Hancock, peanut farmer, Kumbia, Queensland, from whose property this distinctive species was first isolated, and which for a number of years was considered to be its only habitat.
Distinctive features: The type of Aspergillus head and the black sclerotia produced unequivocally place this species in Aspergillus subgenus Circumdati section Flavi. Unlike all other species in this section, A. hancockii produces conidia that are greyish green to olive.
Major metabolites produced include the novel hancockiamides A-F, dehydroterrestric acid and 7-hydroxytrichothecolon, as well as the known metabolites onychocins A and B, speradine F, kojic acid, fumitremorgin A and eupenifeldin.
Isolates examined: FRR 3424, FRR 3425, FRR 3426 from soil, Kumbia, Queensland, 1987, J.I. Pitt. 
